project investigates some basic approaches for estimating volatility surfaces in financial mathematics. See, for example, http://math.stanford.edu/~papanico/pubftp/svcalp3.pdf for current research on this topic.
Absorbing Boundary Layers (PML) and Absorbing Boundary
Conditions. Project is to investigate and discuss recent approaches for modelling absorbing boundary conditions for finite difference (or finite element) discretizations of wave-like phenomena. As a numerical workhorse, a 2D-FDFD discretization of the Helmholtz equation is available to be used in the project as starting point. A good familiarity with MATLAB and basic knowledge of PDEs is necessary for this project. See here for an early paper on this topic: http://www.pnas.org/content/74/5/1765.full.pdf or here for a recent book: http://books.google.co.uk/books/about/Perfectly_Matched_Layer_Pml_for_C omputat.html?id=FlBG8gILebsC . 6. Shape Derivatives and Topological Derivatives. This project investigates an extension of the classical concept of derivatives to shapes and topologies. We discuss concepts of describing shapes and verify how certain shape functionals respond to small shape deformations. This provides us with the shape derivative. For some background information, see for example the book http://books.google.co.uk/books/about/Shapes_and_Geometries.html?id=fjjv X9a9cxUC&redir_esc=y or the research paper http://ebookbrowse.com/delfour-zolesio-pdf-d3405923 . Topological Derivatives are closely related to shape derivatives, see the paper http://hal.inria.fr/docs/00/07/35/18/PDF/RR-3170.pdf for an introduction.
Genetic Algorithms and Support Vector Machines for solving Inverse
Problems. This project investigates a class of algorithms which is used increasingly for solving certain inverse problems. For some details, see for example the paper http://eprints.biblio.unitn.it/637/1/DIT-04-069.pdf . 8. Erasmus Project. I would like to offer this project to Exchange Students (Erasmus, British Council ELA exchanges…) who went already for their study abroad year and who want to continue practicing their skills which they obtained abroad. The specific title and scope of this project are flexible, and will be discussed with interested students individually.
Fedotov (S)
(1) Stochastic volatility and the smile curve.
This project considers the pricing of option on stock which volatility is a random process. Pre-requisite: a good knowledge of probability theory and PDE's.
(2) Asymptotic analysis of traveling fronts for reaction-transport via Hamilton-Jacobi formalism
The purpose of this project is to study the general formalism for the asymptotic analysis of the propagation of traveling fronts into an unstable state of the reaction-transport systems. Pre-requisite: Some knowledge of the PDE's and probability theory.
Gajjar(J)
Modelling of traffic flow. [Only available in the second semester.]
In the last 50 years there have been several attempts to model traffic flow. Initial attempts focused on simple one-dimensional continuum models in which traffic flow was described by the kinematic wave equation. More sophisticated models lead to highly complicated nonlinear partial differential equations similar to the NavierStokes equations. Recently there have been attempts to model traffic flow using discrete ideas. The aim of this project is to survey the different models used and discuss the relative success and failures of the various approaches.
Glendinning (P)
(1) Attractors in the border collision normal form Systems which involve the interaction of discrete and continuous elements abound in practice (every embedded computer control device is an example). The border collision normal form is a simple mathematical model of some of the behaviour that can be observed in such systems. It is a piecewise linear map of the plane into itself, and the aim of the project would be to describe some of the attractors (periodic orbits or chaotic attractors) which can be observed in this example, and the way these change with parameters.
[Some simple numerical experiments using (e.g.) Matlab will be necessary. The general area of mathematics is iterated maps and dynamical systems.]
(2) Newton's Cradle Newton's cradle is an arrangement of hard spheres attached by stribgs to a frame so that they can move in one dimension --if an end ball is released it strikes the others and the ball at the other end rises. The cradle is usually used as an illustration of Newton's laws for impulses, but the details are more complicated and more interesting. The project could discuss any one of a number of issues --the nature of the interaction potentials between the balls, the dynamics of restricted cradle's (e.g. two balls) or the solitary waves in large chains of balls. [Some simple numerical experiments using (e.g.) Matlab would be useful, and Prof Mullin has suggested that if someone is interested in doing some actual experiments he might give some guidance (we are interested in whether the action potential can be inferred from observations. The general area of mathematics is iterated maps and dynamical systems, see Glendinning, The Two Ball Newton's Cradle, on the MIMS Eprints for more detail.]
Gray(N)

Shock waves in granular media
Granular flows are abundant in geophysics, industrial processes and our day to day lives. This project will review the derivation of some recent models for free-surface flows of granular materials and derive a series of shock-wave solutions for the flow. If time permits, it may be possible to realise these flows in an existing laboratory experiment and make comparisons with the exact solutions.
Guettel (S)
(1) The paraexp algorithm for linear initial-value problems and its parallel implementation
Paraexp is an algorithm for solving linear initial-value problems on a parallel computer. Apart from discussing the mathematical ingredients of this algorithm, one aim of this project is the parallel implementation of paraexp, and a numerical performance comparison with other existing parallel algorithms for linear IVPs. It is necessary that the interested student is familiar with Matlab and optionally has some experience with the parallel computing toolbox. A possible starting point is M. J. Gander and S. Guettel: PARAEXP: A parallel integrator for linear initialvalue problems, submitted to SISC, 2012.
(2) The differential correction algorithm for rational Chebyshev approximation
Rational best approximations to functions are useful in numerical algorithms, but unfortunately their computation often posses numerical difficulties. Aim of this project is the discussion of the differential correction algorithm, its robust implementation in Matlab, and a comparison with Chebfun-Remez algorithm. It is necessary that the interested student is familiar with Matlab. A possible application would be the construction of a (n-2,n) rational best approximation for a certain indicator function in the context of the FEAST algorithm. A possible starting point is the paper by E. W. Cheney and T. H. Southard: A survey of methods for rational approximation, with particular reference to a new method based on a formula of Darboux, SIAM Review (5), 1963.
(3) Appearance-based methods for face recognition
This project is concerned with the numerical linear algebra behind several appearance-based face recognition methods, like eigenfaces, fisherfaces, laplacianfaces, etc. It presents these methods in a unified way and compares them on different data sets. It is necessary that the interested student is familiar with 
Harris (D)
Mechanics of granular materials
A granular material comprises a very large number of solid grains packed into a region of space, the volume of each grain being very small in comparison to that of the region. For sufficiently large systems the concepts and methods of continuum mechanics may become applicable. The response of such contained materials to loading can be either solid-like (if completely constrained by the container) or fluidlike (the grains may flow if the material is only partially constrained by the container). The appropriate continuum mechanical models are those of elasticity, elastoplasticity, rigid-plasticity and visco-plasticity. The granular nature of the material introduces many physical properties (for example, pressure dependency on yield, dilatation and compaction, grain rotation) which give rise to challenging mathematical problems. I have many projects on this all based on an introduction to the above theories developed for granular materials. This, specifically, will involve learning about yield conditions and flow rules and applying them to a particular problem. For the more mathematically inclined (and less mechanically inclined) the above models give rise to governing systems of first order partial differential equations (pdes), which again give rise to challenging mathematical questions. The project could then focus on an introduction to the study of systems of pdes.
Haynes (P)
Integration in finite terms
Whilst differentiation is regarded as a solved problem, the solution to integration is not. This project will introduce the student to transcendental functions and their application to the solution of certain integration problems. When you use "random play" on an MP3 why do the same songs keep coming up? Is the algorithm truly random? How do you compute random numbers anyway? The aim of this project is to investigate these questions by researching methods used to generate random numbers and to test the "randomness" of the results? There will be the opportunity to write programs to implement your own random number generators and to create your own shuffle algorithm.
(2) Transport in biological systems
How does oxygen in the air get to the bottom of the lungs? How does cholesterol get in and out of the bloodstream? How do chemicals get in and out of cells? How do signals from nerves in the feet get to the brain? The body has a wide variety of transport mechanisms and many of them are still incompletely understood. The aim of this project is to review mathematical models of some of these transport processes and to solve a number of simple example problems. If taken as a double project more advanced models can be investigated numerically and asymptotically.
Heil (M)
Wave propagation and blood flow in the arteries
APPLIED MATHEMATICS
The regular contractions of the heart pump blood around the body's circulatory system which consists of a highly branched network of elastic tubes. This project will examine analytical models for the pulse wave propagation and the flow fields in the large arteries.
Hewitt (R) An introduction to geophysical flow
The aim here is to develop an introduction to some basic geophysical fluidmechanical problems, with the emphasis on wave motion. Geophysical applications include the influence of rotation (the Coriolis force) and density stratification (buoyancy force), which lead to novel effects. The main topics for discussion are the Coriolis force, geostrophic flow, inertial waves, the KelvinHelmholtz instability and Rossby waves. A detailed discussion of all/some of these topics will be required with a rigorous mathematical presentation and physical discussion. (3rd level only).
Higham (N)
The Matrix Exponential
The exponential of a square matrix A can be defined as exp ( 
OE Jensen
Mechanics of multicellular tissues
Biological materials typically have a cellular structure. The structure and properties of individual cells collectively determine the shape and mechanical properties of tissues and organs, and allow the material to respond to its physical environment. Mathematical and computational techniques are widely used to understand how cell-level processes relate to tissue-level properties. This project offers opportunities to investigate some simple models describing the biomechanics of growth and development in plant and animal tissues.
Lionheart (B)
(1) Inverse problems in industrial and medical imaging (2) Graphs and resistor networks
Montaldi (J) (1) Dynamics of point vortices
Vortices are points in a fluid where the fluid is spinning (like an idealized whirlpool).
In an ideal fluid, one can study how the vortices interact without any reference to the background fluid, and over the past 100 or so years there has been much interest in studying this system, which is in fact a Hamiltonian system. In this project the student will discover why it is Hamiltonian, and how to use this fact to investigate the many symmetric configurations of vortices that can occur (see the applet http://www.maths.manchester.ac.uk/%7Ejm/Vortex/VortexApplet.html on my website for examples). Prerequisite: Advanced Mechanics MATH20512.
(2) Dynamics of rigid bodies
The dynamics of rigid bodies has a long history, and is still important today in, for example, satellite dynamics. This project would begin by looking at the free rigid body (Euler's equations) and proceed by studying motions in various non-free settings (such as gravitational fields).Prerequisite: Advanced Mechanics MATH20512.
Muldoon (M)
(1) Birthdays, digital signatures and fish [Offered as a single project in the second term.] A famous probability exercise, the Birthday Problem, considers a party to which guests arrive one at a time and asks: How big does the crowd have to become before the probability that two guests share a birthday exceeds 50%? The answer is a surprisingly small number and, perhaps even more surprisingly, the same circle of ideas helps in a number of other applications, including such disparate topics as cryptographic attack against digital signature algorithms and the estimation of fish populations via capture-recapture methods. In this project you'd spend a few weeks on the birthday problem and its generalizations, then concentrate on some of the applications. For those interested in cryptography, a reasonable fluency with computer programming (perhaps using a package such as MATLAB, Mathematica or R) is essential.
(2) Factorization algorithms [Offered as a single project in the second term.]
It's not so hard to show that every positive integer has a unique factorization as a product of primes, but it's much, much harder to take an arbitrary number and find its prime factorization. In this project you would explore certain classical algorithmsmany of which start from the observation that x 2 -y 2 = (x -y)(x + y)-and then, as time permits, study more powerful modern approaches such as the quadratic sieve and methods based on elliptic curves. Unless you are already a keen amateur number theorist, you will also learn a fair amount of elementary number theory along the way. As we will be interested in actually implementing these algorithms, you ought to be comfortable programming in, at the very least, MATLAB or Mathematica or, ideally, some lower-level language such as java or C/C++.
(3) The Road Colouring Conjecture [Offered as a single project in the second
term.] Suppose you lived in a city in which (a) all the roads were one-way streets and (b) at every intersection there were exactly two choices of outgoing roads-you might give them names, say, Red and Blue. Then it would be possible to give directions by simply rattling off a list of colours: "At the first intersection, take the red direction, then, blue, blue, two reds and a blue." A special case of the Road Colouring Conjecture says that (subject to some mild conditions on the topology of the road network) in such a city it is possible to choose the colours assigned to the roads in such a way that one can give universal directions. That is, you could start from any intersection and by making a certain fixed sequence of turns (specified by their colours … red, blue, red, etc.) arrive at the same endpoint, no matter where you'd started.
The conjecture was originally posed-as a problem in graph theory, rather than one in navigation-about 30 years ago and was resolved only recently by Avraham Trahtman: the Wikipedia article about the "Road Coloring Problem" gives a pretty good account. In this project you'd study some of the ingredients used in Trahtman's solution and, as time permits, work on some special cases of the conjecture. Some fluency with computation would allow for a more interesting and varied project.
(4) The Travelling Salesman Problem (TSP) [Offered as a single project in the second term] Suppose you have a list of cities that you want to visit in turn: which itinerary makes your trip as short as possible? This turns out to be a surprisingly hard problem with lots of applications outside the travel industry. In this project you'd learn something about the theoretical framework used to assess the difficulty of the problem (it's an example of a so-called N-P Complete problem and so if you could come up with a good algorithm for the TSP, you'd solve a great many other hard and important problems at a stroke) and then, as time allows, study some of the approximate methods used to solve the problem in practice. Although one can tackle this project with just a pencil and paper, the approximate algorithms are much easier to understand if you are able to implement them on a computer.
Powell (C)
(1) Centroidal Voronoi Tesselations Given a set of generators (points) z1, z2, …zN, in a specified region, S, of space, a Voronoi tesselation is a decomposition of S into N cells, in such a way that each point in the jth cell is closer to zj than any other generator. Voronoi tesselations provide a link to so-called Delaunay triangulations which allow us to mesh complicated two and three-dimensional objects -an essential first step in approximating solutions to PDEs on complicated domains. A centroidal Voronoi tesselation (CVT) is a special kind of Voronoi tesselation that has the property that the centre of mass of each cell is the same as the generator. Examples of this phenomenon can be seen in nature. Some species of fish, for example, build nesting pits with these configurations. Often, they are manifested as hexagons. This is no coincidence. In this project, the student will survey and implement (in MATLAB) some algorithms for generating CVTs, study their mathematical properties and explore the link with meshing objects. Pre-requisites: All core applied maths courses and some experience with MATLAB. Numerical analysis would be an advantage but is not essential.
(2) Multigrid
Multigrid is a powerful iterative method for solving linear systems of equations, Ax=b, that arise from discretisations of partial differential equations. (Students will have encountered sparse linear systems of equations when approximating solutions to PDEs by finite difference methods in second year courses). Typically, in studies of PDEs, the systems are very large (maybe millions of equations in realistic applications) and we need fast ways to solve them. Multigrid starts from an initial guess to the solution, x, and successively improves the approximation using two basic tools: smoothing and coarse-grid correction. Smoothing is a simple iteration scheme that eliminates some components of the error very quickly. Coarse-grid correction involves transfering the error to a coarser grid than the one the problem was originally assembled on and performing iteration there. In this project, students will investigate basic iteration schemes for solving linear systems of equations, and the building blocks of multigrid, and finally use it to solve some model PDEs. Pre-requisites: All core applied maths courses and some experience
Silvester (D)
(1) Computational fluid dynamics (2) Oil reservoir modeling (3) Conjugate gradient methods for solving the system Ax=b Simon (M) (1) Energy from ocean waves There has been substantial interest in Britain in renewable energy sources, and ocean wave-energy in particular, since the oil crisis twenty years ago. Ocean waves can be considered as small amplitude waves, for which the equations are linear and can be described by the use of a scalar potential. The project is to review the general theoretical aspects of harnessing the energy of such waves, including looking at the different types of structures proposed for wave-energy devices. The project should also touch on any relevant considerations of engineering, biology, energy supply and politics.
(2) Loudspeaker design Hi-fi enthusiasts often design and build their own loudspeaker systems. Although there is a certain art to this, there are also quantitative aspects, such as room and cabinet acoustics, and directional sound fields. Ref. J. Borwick (ed.), Loudspeaker and Headphone Handbook (534.868, B17) .
Thomas (R) Numerical Solution of Ordinary Differential Equations (ODEs) [Offered as a Double Project.]
After covering some basic material on numerical methods and their properties, this project would then focus on a particular class of problems, such as  stiff initial value problems consisting of first order systems of ODEs  boundary value problems consisting of first order systems of ODEs  initial value problems consisting of higher order ODEs  initial or boundary value problems consisting of differential algebraic equations  initial value problems consisting of delay differential equations. In each case, the project would concentrate on how to solve the problem on a computer, and this would involve the derivation and analysis of suitable numerical methods. To illustrate the theory, some computer work in Matlab would probably be needed. Pre-requisite: Numerical Analysis I (MATH20602)
Tisseur (F)
(1) PageRank -the mathematics behind Google's search engine There are three basics tasks search engines generally perform:
1. locate all the Web pages with public access, 2. index all Web pages so that they can be searched efficiently (by key words or phrases), 3. rate the importance of each page. PageRank refers exclusively to task 3.
One of the reasons why Google is such an effective search engine is the PageRank algorithm developed by Google's founders, Larry Page and Sergey Brin, when they were postgraduate students at Stanford University. For any particular query, Google finds the pages on the Web that match that query and lists those pages in the order of their PageRank. Understanding PageRank influences the way Web pages are designed; how to get listed first?
The aim of this project is to understand the maths behind Google's million-dollar worth search engine and in particular its PageRank algorithm, which draws upon ideas from matrix analysis, numerical linear algebra, graph theory and Markov chains.
Steele (C)
(1) Jupiter and the Trojan Wars: Asteroid Dynamics The majority of minor planets (asteroids) have orbits intermediate in size between those of Mars and Jupiter. However, there is a family of minor planets that share orbits with the planet Jupiter but orbit around sixty degrees in front of or behind the planet i.e. at the Lagrangian L-4 and L-5 points. These minor planets are named mainly after the characters in the mythical war between the Greeks and the Trojans. This project will study these Trojan asteroids as follows 1) A descriptive account of these minor planets e.g. their discovery, orbital characteristics etc.
2) A study of the Lagrangian points including a mathematical derivation of the location and stability of equilibria.
3) A computer simulation of the orbit of a sample Trojan asteroid. Part 3) will require the numerical solution of a system of two coupled second order Ordinary Differential Equations. References 1) "Exploration of the universe" G Abell, (useful for descriptive part and for basic explanation of laws of gravity)
2) "An introduction to Celestial Mechanics" Forest Ray Moulton 3) Numerical Recipes (2) Prominence Formation and the Solar Corona The outer atmosphere of the Sun is known as the corona and (together with the lower atmospheres) contains many interesting phenomena e.g. sunspots, solar flares etc. Among the most interesting phenomena are solar prominences, i.e. cool, dense regions in the hotter, rarer corona; these are thought to be supported by the coronal magnetic field. One interesting question regarding prominences concerns their formation as the condensation of a cool object from hot surroundings is against the second law of thermodynamics. However recent years have seen the process of thermal instability gain acceptance as a formation mechanism for prominences. This project will consider several aspects of the solar corona, solar prominence, their formation and thermal instability. Following some descriptive material, it will lead to some mathematical models and solution of equations Projects available to fourth year students only
Hewitt (R) Flow in a shock tube
The task here is to produce a working numerical code to solve for the flow in a shock tube. Students should have some programming experience and have taken (or be currently taking) the 4th-level course on nonlinear waves. (4th level only).
Montaldi (J) Group actions on manifolds
This project would begin with the basics of group actions: orbits, istropy, etc and proceed probably with the local geometry of group actions (tubular neighbourhood theorem). There are then many directions the project could evolve in, and this would depend on the background and interests of the student. Examples might be: invariants and spherical harmonics, symplectic/Poisson actions, structure of compact Lie groups,… Pre(co)requisite: Calculus on manifolds MATH31431 (or MATH41431).
Powell (C) Multigrid
